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Introduction
[bookmark: _Hlk510705081]During RAN1#104-e, RAN1 reached an agreement on the UE behaviour for case 1-6, closing all the open issues for PUSCH that is not repeated and when LCH prioritization is not applied, and there is just one PHY priority, i.e. for all the Rel-15 cases without PUSCH repetition.
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Figure 1: Identified cases for handling for PUSCH skipping (without LCH priority, single PHY priority)

RAN1#104 discussed the case of PUSCH repetition extensively, identified the following alternatives, but did not reach an agreement.
	· Option 1: When there’s UCI overlapping with any of the repetitions of the DG PUSCH on a serving cell, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH.
· [bookmark: _Hlk63379443]when the UCI is overlapping with any repetition other than the first PUSCH repetition and the UCI is to be multiplexed on the overlapped PUSCH repetition on a serving cell, UE does not expect to be scheduled a PUSCH on any different serving cell overlapping with the UCI where the UCI would be multiplexed on the PUSCH on the different serving cell.
· Option 2: When a PUCCH is overlapped with the first PUSCH repetition of the DG PUSCH, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. UE does not expect when a PUCCH is overlapped with the repetitions other than the first PUSCH repetition.
· Option 3: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
· Option 4: Rel-16 PUSCH skipping and PUSCH repetitions are not allowed to be enabled together (error case is defined)



In this contribution, we discuss the UL skipping behavior for repeated PUSCH with UCI without LCH and/or PHY prioritization configured as a follow-up to the discussions to the RAN1#104 [104-e-NR-7.1CRs-01].

UL skipping without LCH prioritization & single PHY priority and with PUSCH repetition (NR_newRAT-Core, TEI-16)
Options 1-3 discussed in RAN1#104 lead to the same behaviour when the PUCCH would overlap with the 1st instance of the PUSCH bundle as shown in Figure1, while the behaviour is different if the PUCCH would overlap with a later instance of the PUSCH bundle as shown in figure 2.
[image: ]
Figure 1: PUCCH overlapping with the 1st PUSCH – options 1, 2 and 3 have the same behaviour
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Figure 2: PUCCH overlapping with a later PUSCH repetition: options 1, 2 and 3 lead to different behaviours

Observation 1: Options 1, 2 and 3 have the same behaviour if the UCI overlaps with the 1st instance of the PUSCH repetition bundle, while they lead to different behaviours if the UCI overlaps with any other instance of the PUSCH repetition bundle.

From the network perspective it would obviously be desirable that the behaviour is always the same, and when looking at things from the receiver perspective the option 1 would be most preferrable. The key question is that under which conditions it is possible to expect that the UE knows early enough that the UCI needs to be transmitted and can start the PUSCH repetition bundle at the beginning. If the UCI is a periodic signal then the question is trivial, but if the UCI would carry HARQ-ACK or A-CSI, a timeline requirement would need to be defined. Clearly it would not be possible to start a PUSCH repetition bundle if the DCI triggering the PUCCH came very close to the start, or after the start of the PUSCH repetition bundle. In case of timeline violation, the option 1 behaviour would logically fall back to option 3 behaviour as the PUSCH was not triggered.
Observation 2: The option 1 would lead to a timeline issue with DCI-triggered UCI. The DCI triggering the UCI would have to be received sufficiently well in advance of the start of the PUSCH repetition bundle for the UE to be able to transmit the PUSCH repetitions.
Observation 3: With option 1, if the DCI triggering the UCI came too late for the UE to initiate the PUSCH repetition bundle, the UE behaviour would end up being the option 3 behaviour.

Option 3 could rely on the gNB detecting if the first PUSCH slot of the PUSCH repetition bundle is present and base decision to search for PUCCH on that. It would also be possible in this case to apply dual hypotheses (something that networks would like to avoid).
Observation 4: With option 3, Network implementations allowing the gNB to receive the UCI on PUCCH overlapping with a later instance of a (not-transmitted) PUSCH repetition bundle without dual hypotheses exist.

Given that option 1 could very easily end up with option 3 behaviour with DCI-triggered UCI when the UCI overlaps with a later instance of the PUSCH repetition bundle, different network behaviour may need to be implemented for periodic UCI and aperiodic UCI as the former would always be transmitted on PUSCH, while the latter would end up on PUSCH or on PUCCH depending on the timing of the DCI in relation to the start of the PUSCH repetition bundle.
Proposal: Adopt option 3 as the UE behaviour when UCI overlaps with PUSCH with repetitions:
· Option 3: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.

Conclusion
The discussions in this contribution on PUSCH skipping with UCI without LCH priority configured and single PHY priority (NR_newRAT-Core, TEI-16) when PUSCH repetitions are used. can be summarized in the following related observations and proposals: 
Observation 1: Options 1, 2 and 3 have the same behaviour if the UCI overlaps with the 1st instance of the PUSCH repetition bundle, while they lead to different behaviours if the UCI overlaps with any other instance of the PUSCH repetition bundle.
Observation 2: The option 1 would lead to a timeline issue with DCI-triggered UCI. The DCI triggering the UCI would have to be received sufficiently well in advance of the start of the PUSCH repetition bundle for the UE to be able to transmit the PUSCH repetitions.
Observation 3: With option 1, if the DCI triggering the UCI came too late for the UE to initiate the PUSCH repetition bundle, the UE behaviour would end up being the option 3 behaviour.
Observation 4: With option 3, Network implementations allowing the gNB to receive the UCI on PUCCH overlapping with a later instance of a (not-transmitted) PUSCH repetition bundle without dual hypotheses exist.
Proposal: Adopt option 3 as the UE behaviour when UCI overlaps with PUSCH with repetitions:
· Option 3: When a PUCCH is overlapped with the first PUSCH repetition, MAC generates MAC PDU for DG PUSCH and delivers the MAC PDU(s) to PHY and the UCI is multiplexed on the DG PUSCH. All of the PUSCH repetitions are not skipped.
· When a PUCCH is overlapped with the repetitions other than the first PUSCH repetition, if there is no PDU including data delivered from MAC, the DG PUSCH can be skipped. UCI is transmitted on the PUCCH.
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